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CALIFORNIA DIVISION OF HIGHL.AYS
REPORT ON TESTS MADE BY THE
MATERIALS AND RESEARCH DEPARTMENY -
In conneotion with & cooperative study to determine the
relative effiolency of varlous expansion joint and weakened
plane load transfer devices.
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STAIMARY .

The tests described herein were part of a cooperative
study by Headquarters Surveys & Flans, Comstruction and Mat-
erials and Research Departments, and Digtriot X of the Calif-
ornia Division of Highways, to determine the relative efficiency
of varlous expansion joint and weakened plane load transfer

devioes,
The viork to be done was outlined in considerable detail

in & memorandum by Fred Grumm, Engineer Surveys end Plans,

dated March 1, 19%8.
Subsequent to that date, the test section, including

* the various load transfer devices, test recording instruments,

etec., was completed and tests conduocted in Dscember, 1938 and

July, 1939.

A preliminary report on the laboratory work was submitted,

under date of January 6, 1939.
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This report brings up to date the date included in the
January 6th report, as well as other test data secured before
and since that date.

The desoription of the Jjob, as a whole, including a
detalled desorliption of each load itransfer device 1s heing
written by the Surveys and Plans Department and does not re-
quire repetition here.

This report is, therefors, confined to a description of
the work done and data recorded by representatives of the Mat- _
erials and Research Depariment.

As stated, the first measurements were mede during
November and December, 1938, snhortly after the pavement was
completed.

Vary litile overall or differentlal deflectlons of the
concrete slabs at any of the Joints was noted at that time;
primarily because of an excellent subgrade which afforded

- ample pupport under & 16060 lbs. rear axle load and the faot
that, due probably to uniformity of temperature between top
and bottom of the slab, there was little if any warp or upward
curl of the pavement at the joints. The maximum defleotion
poted at this time was less then two-hundredths {0.08) of an
inoh and, therefore, the maximum dirferentlial movements between
two adjoining slabs, which occured at the joint with no load

transfer device wap less than two. hundredths of an inch

{Table 1}.

w
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Deflections of a somewhat higher order were obtained
at the subsequent test in July, 1939, due primarily, to uplift
of the ends of the pavement slabs occasioned by temperature dif-
ferentials between the top and bottom of the slabs., Even so,
however, the curl was not greet and, therefore, the deflections
were not high. The maximum movement in July, 1939, which oc-
ourred at the time of maximum curling, was not over 0.0635" for
the joint without load transfer (Table 2 and Fig. 7) and the
minimum deflection Tor the same type jJoint was not over 0.007"
at time of minimnm.upward ourl. As was to be expected, the max~
imum ourl upwerds, was early in the morning when the pavement
purface temperaturs was at a minimum and the minimnm ourl later
in the day after the surface had heated and expanded under the
sun'‘e rays.

However , even though the total deflections wexe of a reli-
atively low order, the test equipment was S0 sensitive as to
detect movements of 0.001" and it was, therefore, poasib;e to
nsasure , with considerable accuracy, the differential deflec-~
tions and consequent relative efficlency of the several load
trensfer devices, as will be noted in the tables and figures.

The day and night readings -are shown in Fig. 9 (Table 6).
Special attention 18 oalled to joint 4 (thiockened transverse
edge without dowels or other loed transfer devices). In all
caaés, joint 4 showed the greatest deflections, but even at
night; the time of greatest ourl; the deflections averaged only

0.057. In the day time the average deflection at the sams jJolnd

wag less thean 0.017.
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GENERAL DESCRIPTION OF TiST SECTION AND EQUIPMENT

The test sectlon was aonstructed in the righbt (east)
traffioc lane, of the four-lane highway between Statlons 668+20
and 687+680, under Contract 010TC5, Road X-Mer-4-A. Eleven
types of load transfer devices were installed in the expansion
Jointe in oombinstion with seven typee of jolnt fillers. Five
contrection joints were also included in the test,

The construction on this portion of the project oonsists
of an 1l1' wide Clasgs "B" ¢ ,.C.C. pavement, having a thiokened
free {outside) edge, the sectlon being 0.55' -0.55% 0.76¢,

The expansion joints were placed at €0° Ilntervals with contrac-
tion Joints on intermediate 20° spaoling.

The pavement was oconstructed over a 1.0° bage of selected
jmported vorrow, below which was a layer of pit run imported
borrow and natural soll, largely of poor charaoter.

INSTALLATION OF APPARATUS.

Pipe Coupling Units.
gStandard 3" pipe oouplings, with the necessary length

nipple for the thickness of P.C.C. pavement were cast. in the
“pavemsnt during sonstruction. The coupling units {closed with

a gtendard 3" recsssed pipe plug) were held in place by chalrs

(Fig. 4), while the concrete was belng placed. They were installed

about 1-1/2" below the header grade to allow the tamping machine

and finisher to pass over during sonstruction, efter which they

were pulled up until the recessed plugs were Ilush with the sur-

face and the pavement finished by hend.
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The pipe coupling units provided openings through the
pavement for the installation and cperation of the measuring
equipment and also for obtailning samples of the subgrade for
moisture determlnations. Fig. 1 shows the leocation of the
soupling units with respect tc the Jjoint. Couplings, A, B, C,
D,E, F, G and H, are for vertical deflection measurements and
X, Y and Z are for obtalning subgrade molsture oontent semples.

Reference Rods.

A reference rod was driven into the ground beneath coup-
lings A, B, C, D, E, P, Gand H ., A hole was first made by =2
No. 1 soil ssmpler $o solié material, after which a 1" thin
wall electric conduit, for a cesing, was pushed to the bottonm
of the hole., A 1/2" pipe, topped with 1/2 X 3/4" bushing and
a 3/4" brass cap, was then driven through the casing between
6" and 1' into solid material with the top extending ebout 2"
up into the pipe couplings (Fig. 2). The brass cap was then
4arilled and tapped to f£it e 1/4"-20 thread fitting on the el-

eotric gauges.
Thermo Couples.

Thermo couples were installed to measure the temperature
of the top, bottom and center of the pavement slab. The top

and bottom thermo couples were placed about 1" from the rea-

pective faces.

TESTING RCUIPMENT .

Chango in Blevation.

The seasonal changes in elevation of the concrete were

meagured with an ames dial mounted in a Jig. The measurements

P
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being taken between the coupling cast in the pavement and the
reference rods. The base readings were taken at the time the
original deflection readings were made in December, 1938.

Change in Oyggégg‘Aorogs Joints.

The ohange in length of the pavement, due to expansion
and contraction, was determined by measuring the distanoe he-
tween fixed points in the pipe ocouplinge on each slde of the
joints. For this purpose a 3" plpe plug with a stud mounted
in its center was sorewed into the coupling a definite distance
(Fig. 3). The distanoe between the studs on each gide of the
joint was then measured with & standard micrometer screw mounted
on en adjustable frame. The initial or base readings were taken
at the time the original deflection readings were made in
December, 1938. |

The ochange in opening across the Jolnta in the variable
expansion Jjolnt spacing gection was determined by measuring
the distance between brasgs plugs cast fiush with the surface
of the pavemsnt on each side of the joint. Studs were then
gorewsd into the brass plugs and the change in distance nmeasured
with an emes dial mounted in & frams. The initial or base read-

ings on these Jjolnts were mede the day following the placing of

the conorete.

Pavement Deflections.

The vertical pavement deflections were measured with

gpecial electrlc gauge equipment. A achematic dlagram of the

gauge is shown in Fig. 2. This equipment consiste essentielly

of an electric gauge head, which is mounted in the pipe couplings

Gy
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cast into the pavement and coupled with eleotric wires to
the control and recording eyuipment. The eleciric gauge head
consists of two parts. One part a coil of wire mounted in a
brass frame fitted with stendard 3" plpe threads, and having
en opsning in the center. Tﬂg other part is & amall iron plunger
mounted on & threaded brass rod which passes through the center
of the coll and is serewsd into the top of the reference rod.
The defleotion of the pavement (to which the coil 18 ‘attached)
with respect to the iron plunger (atteched to the rererencé
rod) is measured by the recording sgulipment.
v Tha'recording equipment is a standard oscillograph,
constructed so that any relative movement of the eleotrio
gauge parts is couverted into movement of a llght beam. Thils
light beem moves 1n a horizontal plane. A photograpﬁic film,
mounted in a variable apsed camera, passes this moving light
beam and provides a continuous pioture of its loocation. The
electrio gauge ecuipment is ocapable of regponding to measurementa
lasting for time intervals of one~thousandth of a second, or
longer. The osclillograph is constructed so thet & calibrated
viewing screcn may be used instead of the camera for determining
the positlon of the llght beams and for calibration of the ~
electric gauges. Provision is made for recording three separate
units on one film. A 50-cycle timing line 1s also recorded on
the film for timing purposes.

The exact time at which the truck whesl passes over
the Joint ié deﬁermiﬁed by a photo electfio cell. A bean of
’light, falling on the cell, 18 broken by the truck %ire as 1t

ClibPD
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passes over the joint, and by sulteble comneetlons to the re-
cording equipment e displacsment of the timing line is caused.

The most sensitive setting of the electric gauge wes
uscd for these tests~-a relative movement of 0.080" between the
slectric gauge parts causing approximately a 2" movement of the
light beam in the recording apparatus. The amplificatlion between
the gauge heeds and recording equipment 1s accomplished, in the
control equipmert, by electrical meens. '

The special slectric gauge equipment consists of the
Tollowing units.

1. General Electric Gauge Heads.

2. Gerneral Blectric Balanclng Unlts.

3. General DElectrie Power Unlts.

4, General.Electfic Power Supply Unit.

5. General Klactric P, ). Oscillograph

6. Ceneral bBlectric Phote-eleotric Relay and

Light Source.
. General hadio $0-Cycle Tuning Fork.
8. Connecting ires, Batteries and Gasollne

Drivsn Generator.

-2 D
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1. Electric Gauge iHeads.
Pig. 10 is a photograph of one of the eleotric gauge

heads. PFig. 17 shows a oross section of the gauge head. 1t
is designed to mount in a standai'd 3 inch pipe ocoupling. The
pipe coupling to be cast in the pavement slab at the location
at whioh it is desired to measure the vertical movement.

The geuge head consiets essentially of a bdrass mounting
unit containing a special iron-~clad solenoid coll with a hole
through its center end short iron plunger mounted on a threaded
brass rod. The solenoid is rigidly attached to the pavement
through its mounting unit and a 3 inoh pipe ocoupling, endl the
plunger is attached to the reference rod with & threaded brass
rod. Relative motion of the solencid ocoil (attached to the
pavement) and iron plunger (attached to the reference rod} pro-
duces a dsfleotion of the oscillograph.

2, Bslancipne Unit.

An iron-clad coil and iron plunger, having the same
eleotrical oharacteristics as the geuge head, are mounted as
a unit. Provision is made for adjusting the position of the
iron plunger and locking it in position. 9ix individual bal-

anoing units are mounted in one caee asg ghown in Fig. 11l.

S Powey gnit.

The power unit coataine the eleotric ceircuit for the
gauges. This equipment, &3 ghown by the schematic wirling

aiegrem Fig. 12, contains the differentail tramsformer (ratio -

coils) of the wheatstone bridge olrouit, sensitivity control,

filter systenm, rectifier, switches and terminals for connecting

ChrirP®
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the various parts of the ciroult. 8ix individual balancing
units are mounted in one case, a8 shown in Fig. 1l1.

The cases containing the six individual balancing units
and the aix individual power units are of the same length so
they may be mounted side by side and interconnected by means
of links.

4. Fower Supply Unit.

~ The power supply unit {Fig. 13) consists of a 12.volt
direot ourrent, 2000-oyole, ll0-volt alternating ourrsnt motor
generetor, set with an output transformer to reduce the output
voltage to 50-volts. The panel board contains rheostats for
controlling the output freguency and voliaaa, and meters for
measuring the ocutput frequency and voltage.. A meter is also
included to measure the direct current input voltage.

The output of the power supply unit ls held at exactly

£000-oyales and 30-volts for all calibrations and measurements

with the slectrioc gauges.

6., P.h. 14 Oscillograph.

Phe osoilliograph, as shown by Fig. 14, 1s a standard
magnetioc type fitted with four supsrsensitive gelvanometers

and a continuous-drive f£ilm holder.
The supersensitive galvancmeters are of the light beean

type, having & frequenocy response up to 500-cycles per second,

without a correstion factor, and a current sensitivity of ap~

proximately 0.17 milleamperes per millimster detlection of the

light beanm as recorded on the osoillograph film., The galvano-

meters are alsoc fitted with stationary adjustable zero mirrors.

These mirrors record as straight lines on the osoillograph film

for use as reference or zero lines.

el
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| -~ The optical system is congtructed so that a beam of

light from a 60 C.P. automobile lamp is reflected by a mirror,
through an adjustable orifice, to the mirror on the galvanometer,
then back to & oylindrical lens whioh focusss the beem as a spot
at the front of the oscillogreph. The front of the osocillograph
is designed for mounting either a ground glass oallibrating screen
or a continuous-drive film holder. ' The contimuous-drive £ilm
holder is oconstructed to take filme up to 6" in width and 15’
long. The film is driven at a uniform speed, by means of an
adjustable speed electric motor, past the orifice in the camera
and records a contimuous picture of the position of the light
beans ﬁa shown in Fig. 5.

The charaocteristios of the elsotric gauge and reoording
equipment are such that transient movements lasting up to 0.001
second may be acourately measured. '

6. FPhotoeleotric Relay,

The photo-electric relay as shown by Fig. 15, consists
sssentially of photo-electric cell, condensing lens, and a
vasuun tube amplifier mounted in a mstal container. Leads are
brought out to facilitate conneoting with the oscillograph and
batteries. The output of the vacuum tubse smplifier is sonnected
direoctly to one of the osoillogreph galvanometers. The batter-
jes furnish power to operate the photo-elsctric cell and vacuum

tube amplifier.
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?7.__80-Cycle Tuning Fork.

A general radlo, 50-cyole, electrically maintained
tuning fork 1s used to record a 80-cyocle time line on the
oscillograph film. The tuning fork is equipped with a miero-
phone dbutton and an impedande matching transformer for con-
necting directly to & galvancmeter im the oscillograph.

In operation, the tuning fork and photo-slectric relay
are oconnected in parallel to the same galvanometer. The instant
that the truck wheel cuts off the light to the photo-sleotrio
cell ig then recorded as a jump in the time line. fha truck
wheel 18 wide encugh to interrupt the light for a few oyocles
of the timing line, so the exact time when the truck wheel 1s
at the indicated loocation is recorded as one-half way detween
the edges of the Jjump in the timing line as shown by Fig. &.

8. Batteries and e Gagolins Driven Uenerator.

One 12-volt and two 6-volt storage batteries are regulred
to aperate the equipment. The l2-volt battery supplies the
input power for operating the power supply unit end the 12-volt
50 C.P. lamp in the oseillograph. One 6-volt battery supplles
power for operating the motor driving the continuous-drive
£ilm holder, and the other one is used for supplying the 6-volt
$0 C.P. light used in conneoting with the photo-eleotric relay.

The combined power drawn from the 12-volt battery is
about 15 amﬁeres, A gasoline driven generator is floated across
the battery to supply most of this ourrent and keep the batteries

charged. It 1s also used to furnish lighta for night operations.

(S )
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K The 8-~volt batteries are used only for short intervals of time
during actual recording sc require cnly infrequent charglng.

Dry batteries are supplied for the 50-cycle tuning fork
oirocuit and for the photo-slectric relay.

Calibration.

The component parts of the elsctric gauge olroult are
oonnected as shown in Fig. 12. The gauge head is oonneoted
to the power unit by the length of wire that is to be used in
aotual field measurements. The gauge head is mounted in the
calidrating device as shown in Fig. 18.

A typieal curve of osoillograph defleotion plotted
ageinet gauge defleotion is shown in ¥g. 16. The right hand
slope of this ocurve is a straight line over qulite a range of
gauge deflection, so the deflection of the gauge is controlled
to operate over this section of the curve. The slope of the
curve 18 determined by the setting of the sensitivity control
on the power unit panel.

The position of the iron plunger in the geuge head 1is
set at a predetermined point by means of a depth gauge. This
position will cause the gauge to operate over the desired portion
of the calibpation curve. The position of the balenoing unit is
then obtained by switching on the power and adjusting its iron
plunger for the desired deflection of the oscillograph at zero
gauge reading. The adjustment on the balancing unit 1s then
locked in position. The calibrating device is then moved by

jncrements and a record made of the corresponding ogaillograph
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deflections.

Each individual geuge unit and its corresponding balano~
ing unit wos ocalibrated with a specific oscillograph galvanometer.
The oscillograph conteins four galvanoueters. Three galvanometiers
wers used for recording three electric gauge units at one time
+nd the other galvanometer was used for recording the time line
and output of the photo-eleotric relay.

Three of the eélectric gauge heads and balacing units
were oallbrated for the most sensitive setting of the equipment.
This setting produced approximetely a two-inoch oscillograph
defleotion for 0.080" defleotion of the eleotric gauge. Thse
other three electric gauge heads and balancing equirment were
calibrated at a less sensitive setting of the equipment. This
setting produced approximately a 27 osoillograph deflection for
0.8” deflection of the eleotric gauge. These calibrations remain
sconatent unless the sensitivity control or the position of the
iron plunger in the balancing unit is changed.

With two ranges available, 3t is possible to secure large
deflections of the oscillograph for mmall deflections of the
pavement and 841ll bs able to measure greater pavement deflections
when they occur. This allows the measurement of large or small

deflections without recalibrating the gauges in the fleld.

TESTING PROCEDURE.
Moisture Content of Subgrade.

The moisture content gamples ©
-g" and 14-26" below the bottom surfaoce

£ the subgrade were secured

at éuch 1ogcation from O

of the pavement slab. The 0-8" depih represents the moisture
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content just below the puvement slab in the selected imported
borrow. The 14" to 26" depth represents the moisture content
in the material underlying the selected imported borrow.

The sartples For moisturs content reported for November,
1938, were secured from the E location at the time the reference
rods were installed. The samples for moisture content reported
for June, 1939, were secured through the couplings labelled X,
Y and 2.

Yertical Deflections.

Vertioal defleotibn mneasurementsa of the pavement were
made by placing the eleotric gauges in the couplings provided
in the pavement for this purpose, and adjusting them to zZsro
position with no load on the pavement. The photo-electric
cell and light source were set up so thaet the light beam was

) focused slong the Jolint under test.

The static deflections were taken on selected Jolnts.
These defleotions were taken, using the electrioc gauge equip-
ment. 7The reer axle of the truck was spotted approximately 8"
north of the joint with the truck centered along the slab. The
deflection was then determined from the position of the light
beam on the viewing screen oi the oscillograph. The truck was
then spoltted with the rear wheels approximately 8* south of the
Joint and the position of the light beams recorded.

The dynamic deflections Wwere then taken with the camersa

on the osecillograph and the truock driven over the joint &t 15

'/\ miles per hour, the movement belng regorded on the film, The

readings were then repeated for a truck speed of 30 miles per
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hour. The truck was driven so that it was as near the center of
the lane as possible for all readings and in the direction of
normal traffic flow. This proceedure wus reapsated for the
points around joints as shown in the tabulations.

Change in Opening Across Joints and Chenge in klevatlon.

Readings were then tuken of the opening across the jointe,
and the positlon of the reference rod with respect to the pave-
ment. These rcadings when compared with the readings gecured
in December, 1938, indicute any changes taking place subseguent
to the original deflection readings.

Thermo Couples.
The temperature of the paving glab was determined from

the thermo couple readings.

The weter truck used for the tests made December, 1938,
was a Mack (C.H.C. 3687). The front wheels were equipped with
single tires and the rear wheels with dual tires. TheAwheel
buse was 14.35 feet. The rear axle carried a loed of 16,060 1bs.

The truck, used for the tests made July, 1939, was &
Mack (C.H.C. 4106), furnished by the Maintenence Department.
The front wheels were eguipped with eingle tires and the rear
wheels with dual tires. The front axle oarried & load of 5740
1bs. and the rear axle, 14,840 lbs. The wheel base was 13.7%.
The tires were 9"X 20"-10 ply inflated o0 65 1lbs. per square

inch.
801TL.
Character of Subsoil .

The natural soil and imported vorrdw, comprising the

ClibPD
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g lower part of the £ill, is a clay loam soil in texture. Test
on semples (Table 12) secured from a depth of 1' to 2' below
the bottom of the pavement, indicate this material 1s an A-4,
bordering on an A-5 soil, under the U.8.B.P.R. grouping of sub-
grade soils. The test rasults show a range in bearing value,
after compaoting and soaking, from 2 to 9% (Average 5%) at 0.1"
penetration and expansion values (swells) ranging from 4.2% to

7.2% {average 5.9%).

Compaction of Subsoil.
The relative ocompaction (Table 14, Fig. 20, Fig. 21)

semples were secured from approximately 1 to 2' below the bot-~
ton of the pavement, with a 7" orchard post hole auger, after
the subgrade had been prepared for paving operatioms. The
volume of the test hole waeg determined by tie water diaplace-
ment method, using a thin rubber baeg to line the hole. The
density of the materlal, in place, was then calculated from the
dry weight of the sample and the volume of the test hole,

Relative compaction wag determined by the California
Standard fleld compaction method. The dry weight, compacted
at optimum moisture content, ranged between 118 1bs. end 123 1ibs.
per cubic foot. The average valus of 1281.5 lbs. per oublc foot
was used for caloulating the relative compaction, except as
noted below,

A portion of the samples (Table 14) contalned somewhat

mors pand, due to intermixing of sandy imported borrow and

—~ natural soil. The compacted dry welght at optimum moisture,

ags determined by the California field compaction method, ranged
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from 123 lba. per cubic foot to 127 lba. The average value of
d26 .56 1lbs. per cubic foot was used for c¢alculating the relative
e ooppaction of this class of material. The relative compaction
of the subsoil varied between 874 and 108%, with an average value
of 94%.

Molsture Content of Subscil.

The moisture content of the subsoil during construction,
{(Fig. 20 anad 21) is shown on the soil profile. These samples for
moisture content were taken in September, 1938, with a 1" soil
sampler.

Moisture content (Table 15; Fig. 82) samples were taken
from the relative compaotion testa. The samples were secured
Ootober 4, 5 and 6, 1938 and the pavement was placed October 25,
26, 27 and 28, 1938. ‘

The moisture content, after the pevement was placed, and
at the time deflection measurements were made, are tabulated in
Table 10 (Fig. 22). Semples for molsture content reported for
November, 1938, were secured from the E locations at the time the
reference rods were installed. The samples for moisture content,
reported for June, 1937, were secured through the couplings
labelled X, ¥ or 2 (Fig. 1). The moisture content of the subaoil

varied between 9% snd 21% with an aversge value of 13%.
Character of Subgrade.

The pavement was oonstructed over & blanket of seleoted
imported borrow, compacted to a thickness of approximetely 1’.

This material is a sandy loam soil in texturs. Tests on samples

(Table 11), secured from the O to 1' below the bottom of the pave-~

ment, olases this material as an A-2 soil under the U.S.B.P.R.

grouping of subgrade solls, The tost results show a range in

beariag value , ziter cmrpacting and soaking, of 19 to 79% at
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0.1" penstration and expansion values {swells) ranging from C.6%
to 2.6%. The average bearing value for the group being 49% and
the average expansion values (swell) 1.1%.

The relative compeotion semples {Table 13, Pig. 20, Pig. 21)
of the seleoted imported dborrow, were seaured from the top 1l' of
subgrade, with a 7" orchard post hole auger, after the subgrade
had bveen prepared for paving operations, as desoribed for the sub-
soil., The demsity of the material in place, was calculated from
the dry weight and volume measurements made in the fleld.

The relative compaoction was determined by the standard
California field compaotion msthod. The 4ry density obtalned by
the ocompaction test varied between 126 and 129 lbs. per oudlo foot.
The average value of 127.8 lbs, per cublo foot was used for calou-
lating the relative campection. The relative compactlion of the sub-
grade varied betwsen 92% and 105%, with an average value of 98%.

Lolsture Content of Subpgrade.

The moisture content (Tadble 14, Fig. 28) samples were
taken from the relative campaction tests. These samples were se-
oured Ootober 4, 5, 6, 1938, and the pavement was placed October
28, 26, 27 ana 28, 1938.

The moisture content, after the pavement was placed and
at the time the deflection readings were made, are tabulated in
Pable 10 {Fig. 22). Samples for uoisture content, reported for
November, 1938, were secured from the £ location at the time the
reference rods were installed. The samples for moisture content,
reported for June, 1959; were secured through the couplings labelled
X, Yor Z (Fig. 1). The moisture content of the subgrade varies

between 7% and 14%, with an average value of 11%.
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DISCUSSION OF RESULTS.

The typical oscillograph records (Fig. 6) are for points
A-B (Fig. 1) for a truck speed of approximately 15 milea per
hour,

The relation between the defleoction ourve and the popl-
tion of the rear wheels of the truck passing over the Joing,
under test, ig shown ss the center of the jump in the time line.
The spaaing of the 1' increments of the truck travel are based
on the assumption that the truck travels 13.7' (wheel base of
the truok) at a uniform apeed, and that the film speed was oon-
stant, as indiocated by uniform spacing of the peaks in the
time line. The distance between the center of the Jumps in the
time line, omused by the front wheels of the truok {not shown
on the oscillograph record) and that ocaused by the rear wheels
was divided into 13.7 parts. These inorements then represent
each foot trevel of the truck, compensated for variations 1n
the truock speed and film speed secured for each rocording.

The horizontal lines are spaced in accordance with the
onlibration secured previously with the partiocular eleotric
gauge head and osoillograph galvenometer used for the test.

A ocomparison of the average maximum dynemic deflections,
(Fig. 7) (Table 4) measured in December, 1938, und July, 1939,
indicate somewhat higher deflections for July, 1939. The
defleoction measurements in Decenmber, 1936, were mude soon aftex
the pavement had been completed. The molsture content and tem-
perature (Tabdble 1) were uﬁiform through the slab. 7The deflection

measurepents in July, 1939, were mede after the pavement had been
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subjeocted to hot, dry summer weather, causing a non-uniform
moigture warping. The readings were also made at night when
the temperature (Table Z) of the ooncrete surface was cooler
than the bottom, causing an upward warp or curl in the pave-
ment slab.

The static deflections (Fig. 7, Table 7) are slightly
higher than the defleetions recorded for the dynamic conditions,

The dynamic readings are the average obtained on three
Joints of each series, whlle the static readings are the aver-
age obtained on only two joints in eaoh series. This mey ac-
count ror eny disgrepancles.

The averege dynamie differential deflesctions (¥ig. B,
Table S) measured in December, 1938, 4lffer only slichtly
from those measured in July, 1939, oxcept for the Joints having
no load transfer devices. The joints without loazd trensfer
devices show a marked imorease in aifferential deflections, due,
at least in part, to the warped condition of the pavement.

The static differential deflections (Fig. 8, Table 7}
are slightly higher, in most cases, than the differentlal de-
flections measured for the dynemic conditions. The dynemic
readings are the average obtained on three Joints in each series,
while the static readings are the average obtained on only two
Joints in each series, This may account for axy diserepancles.

The day and night adeflection readings (Fig. 9, Table 6)
were baken on & Tfew gseleated joints at different times dgring
the day and night. The greatest deflection in all cases, were
gecured at night, the time of greatest upward curl O W&arD,

and the minlmac deflections wers secured during the aay, when
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the warp or curl was down, causing the pavement glab to be
in contaet with the subgrade at the Joints.

pata for Table ) were measured on the Joints in December,
1938. The pavement, at this period, had not been opemed to
through traffic but hud been used by the comtractor's squipment .

The maximum deflections are the aotual maximum @efleotions
read from the oscillograph record for the speed shown. The
zero or base readings were taken as the no load position of
the pavement slab.

The differential defleotion for points A and B were
maasured from the oseillograph records when A was at meximum
deflection and agein when B wes at maximum deflection. The
maximum differential deflection for A-B was recorded as the
meximum of the two values obtained. The same procedure was
followed in obtaining maximum differential values for C-D, from
the C-D osclillograph records. The maximun value of differ-
ential deflection ocourred in some oases, as the truck wheels
were epproaching the jJoint and in other cases the maximum Was
obtained with the truek wheels leaving the joint under test.

It is possible that slight differences in subgrade bearing
value influenced the extent of the total deflections and are
responsible for any inoonsistencies.

pata for Table 2 were Becured in July, 1939. The pave-
ment had been in use for general traffic. All readings were

teken At night, between 10 P.M. and 6 A.’_N., when the top of the
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pavement wes cooler then the bottom of the pavement, and the
pavenent had been subjected to dry summer conditions for a con-
gideradble period of time.

The deflection dute were seocured from the osoillograph
record, as desoribed for Table 1.

Data for Table % were seoured in July, 1939, as described
for Table 2.

The data shown for expansion and weakened plsne jolnts
at various expansion jolnt intervals were securaa'ror the rirst
time in July, 1939.

Date for the dynamic readings for Table 4 were seoured
from Table 1 and Table 2. The A derlection averages and the
B deflection averages were themselves averaged and shown under
A-B for the particular speed. The points D and E were also
averaged in the same manner and shown in the table, These
dynamio readings represent readings teken on three Joints, ocom-~

prising & Joint serles.
The data for the stetic readings for Table 4 were secured

from Table 7. The A-B and D-E averaged results wers seocured in
the same manper as for the dynamic readings. The static read-
ings, however, represent only iwo joints of each serles. 8tatic
readings wers not obtained on the rirst joint of each series.

The data shown in Table 5 for dynamio maximum differential
derlections were secured from the average maximm differential
deflections on the group of three jointa.cqmpriaing each series,

as shown in Teble 1 and Table 2,
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~ Data shown in Table 5 for static maximum differential
defleotion on the group of two joints cemprising each series,
a8 shown in Table 7 foyv July, 1939.

Dats for Table 6 were seoured by taking readings in the
night and day, as ehown, and reading thé oscillograph curves as
described for Table 1.

Table 7 liats misoellaneous data obtained on the Joints
in July, 1939. The change 1n opening across the joints repre-
sents the change obtained from readings seoured in Decenmber,
1938, at the time the original deflection readings were taken.
The change in elevationr is also the chunge from December, 1938.

Readings for Table 8 were taken with the truck driven
along the center of the right (east) leane. The differential
deflections were made by anchoring an iron arm in the left
lane about 7" out from the longitudinal joint, opposite points
G and H (Pig. 1). The slectric gaugee were mounted in ocouplings
labelled G and H. The center part of each gauge was suspended
from the iron arm instead of being fastened to the reference rod.
The reedings for naximum defleotions were made by connecting the
center parts of the electrio gauges to the reference rods in the
standard manner.

pata for Teble © were secured frem a geries of measure-
ments made across the joints between brass plugs cast in the
pavement. The base readings were made the day following the
placing of the OONOTeLG.

The joints in -the pavement where the expansion Joint

spacing is in excess of 60" were out out to 3/4" jJoint opening
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L/f‘ hetwegn the time the 1readings were obtalned in June, 1939,
and July, 193%. '

Soil tests (Table 12) mude on sumples of the natural
soil, indiocated a very low supporting power when wet and a
large ohsnge in volume with a change in moisture content.
These tests indicate the necessity for protective measures
before laying ¥. C. conorete pavement.

A protective layer of 1*' of selected imported borrow
was placed to provide protection against the high swell and
low bearing power of the natural material. The teat results
(Table 11) indicate the selected imported borrow to have a
good supporting power vhen wet and small volume change due
to change in moisture content.

The relative compaction obtained on both the top foot of
aubsoil and subgrade (Table 13, Tadble 14, Fig. 20, Fig. 21},
with very few exceptions, indicate that a very good degree
of ocompaction was obtained throughout the test sections.

Thia would indicate that the pavement is supported on & falrly
uniform subgrade whioch, at least until such time as the natural
soil beoomes seturated and loees part of its supporiting power,
offers excellent subgrede support for the P. C. concrete
pavement. The layer of selected imported borrow is expected
to offer adequate support in case the natural scil beocomes
saturated and loses part of 1ts present supporting power.

The molsture content of the sybgrade and subsoll {Tabnle

13, Table 14, Fig. 20, Fig., 21, Fig. 22) obtained during con-

struotion operations, are true only uat the time the pemples were

ClibPD www fastio.com


http://www.fastio.com/

gecured and do not necessarily represent the molsture ocontent
of the material at the time 1t was compacted. The alir, during
oonstruction, was hot snd 4ry, which allowed for very fest
svaporation of water from the sudbgrade. To ocounteraot this
drying condition, water was added to the subgrade frequently,
causing the molisture ocontent to changes constantly during the
construction period.

The moisture content, after the pavement was placed
and at the time deflection readings were made (Table 10, Fig. 22)
represent the condition of subdbsoll and subgrade at that time.
1t is anticipated that the moisture comntent of the subsoll will
inorease and may become almost saturated during flood oconditions
which sometimes prevail in this area,

CONCLUSION.

The test equipment described herein, was assenmbled and
operated and all test meagurements made by Assistant Physical
Testing Engineer, J. E. Barton, of the Materisls and Research
Department staffl, egplsted by the laboratory end distriot
regular staff employees. Barton, likewise, under the general
direction of Senior Physloal Testing Engineer, O. J. Porter,
compiled or gupervised the oompiling of all data shownt in the

i a

7. E. STANTON
Meteriala and Regearocn Enginees

tables and figures.
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: COeDE

Series No. EXPANSION JOINT load transfer devices

T Standard dowels 5/4" round 24" long
0ld standard dowels 3/4" round 24" long
Varied dowel spaocing 5/4" round 24" long
Thiokened edge | none
New Jersey ' uses channels
T. G. bars /4" pins--bearing sleeve
National wing bearing 3/4" pins bearing sleeve
"I* bars 3/4" pins bearing sleevs

o O a2 oo O b 0 W

Tranalode--uses angles

-
(=]

Caload--3/4" pins--bearing sleeve

o

National enginsering corporation

Expansion Joint Fillers

3

Standard

Illinois~~-Type C.E. 1000
Ace

New Jersey

Translode

National

Caltype "E"

QEQEFHQ

1.8t figure indicates type of joint serles

2nd figure indlcates the number of occurrences
of that particular joint back from Station #687+60

letter indlocates type of Jolint filler

6.8. 8-1-A indlocates 4 bar serlies--lgti oocurrence
Ace expansion Joint flller.
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INSTALLING PIPE COUPLING UNITS IN P.C. CONCRETE
PAVEMENT FOR MEASURING DEFLECTION OF SLABS WITH
ELECTRIC GAUGE

3" coupling unit 5 sets 1% below
and chair support header grade adjacent
to each test joint
during construction

Typical completed
with puller test unit

Locating unit after Raising unit
placing pavement

v (e minlayu =l
oo
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Fig 3

TYPICAL OSCILLOGRAPH RECORDS

OF PAVEMENT DEFLECTION
UNDER DYNAMIC TRUCK LOADINGS
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PN Fig LO,
L. ELECTRIC GAUGE HEAD

ELECTRIC GAUGE
POWER UNIT & BALANCING UNIT
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Fiq. (2
_ | SCHEMATIC WIRING DIAGRAM OF ELECTRIC GAUGE CIRCUIT
Motor
-3
, 12 Volt — / -Generator \
; Battery — ;Lgo\g;*jes POWER SUPPLY UNIT
: Transformer
| 7O3F | 1O Voits te 30 Volts
|
|
| s POWER UNIT
) TaN differential 2000 Cycle Filter
{ transformer . | Sensitivity Cantrel
-—T‘J To
> % Qscillogroph
’ als —~1-
? Copper oxide ‘
’ Re.z:.iﬁe.r ‘JI.(!X) Cycle Filter
e
) J L J
2 Conductor
rubber covered Adjusting Lock
lecd wne Screw Nut
- A ., ?\ron- Clad
e ST e Solenoid
, ‘ s~ {ron -Clad
R , Solenoid
.l WELECTRIC BALANCING UNIT
G  GAUGE HEAD
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Fig. /3.,

POWER SUPPLY UNIT
FOR ELECTRIC GAUGE

Rear View
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GE Type PM 1 Oscillograph
with 4 supersensitive Galvanometers
and colibrating screen

GE. Type PM-14 Oscillograph
with continuous drive film holder
and 6 volt D.C. motor driving unit
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PHOTO ELEGTRIC RELAY & LIGHAT SOURCE
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TYPICAL OSCILLOGRAPH-GAUGE DEFLECTION CURVE

OSCILLOGRAPH DEFLECTION

GAUGE DEFLECTIQN

Fiq..ﬁ_.. |
CROSS-SECTION ELECTRIC GAUGE HEAD

Iron-clad
Solenoid
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CALIBRATING DEVICE
FOR ELECTRIC GAUGE HEADS
e
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ELECTRIC GAUGE EQUIPMENT
MOUNTED IN STATION WAGON
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Avg. Speed 30 Mi/Hr. Avg. Speed 15 Mi/Hr, Temperature *
Meximum Maximum Cen-| Bot
soint Max, Deflection Differential | Mex. Deflection Differential | Top | ter | tom
oin
No. B (o] D B AB DE A B D B AB DE
1-1 [.009"010%.003%.010%,011".005" |.006™ L010M.009' .010T.011%.002" LOOB" Bl 52 52
1 2-5 |.010"L 010" 004" ,003M.006" |.003" .0101.008%.005" .004%7.003" LOO3S" 47 48 51
3-S5 |.004"1. 005" .008" . 005,003 | ,006" §.0071,008"7,008%.0084.006" D06" 49 48 49
Avg. [.008"]L008™ 0077 . 006".005" |.005" | .0097.008Y.0087.0087.004" 005"
1-A 1.015".0187.005M.013".016".011" |.00%7" .0147.0177.011'7.0159.011" |OQO" 49 ) 51
2 g—g .glg:.olg: i .0%2“.014".010" .0lom [ .oxe1.016".016%.015% .01 LO10O" 47 43 49
- .00 00 .011".009mM,.004" |.005" i ,0084.0101,.0001.0107.008" agoan 49 48 49
Avg. |.012™L 013" .o13".013M.008" [.007" | .014M.0144.0127.013%.009" LOOS"
1-T l.orinlola".oo3t.011%.011"[.006" |[.006" L0111.0153%,018",0121.006" LOOS" 49 49 48
3 2.8 [.0LO"L006M .011..011".006™ |.008" .01341.0101.013.0111.006" LOO6" 47 48 49
3-3 |.O0B"™L007"™ L009" . 0071, 004" 007" || .oo8".008".0107.0081,006" 007" 50 49 49
Avg, [.009" 009" .olo".o010m.005" [.007" [ .011M.0101.012Y.010" .0086" . 006
i-x |-o1o7folarl.coat.0lor.010m. 0067 1006 | 0300l 0LL 00 0B 0sen [oven | 47 | 45 | &9
4 hat - 3 - - - - - . . . . b
=5 LQOB" 011" L011".009". 010" |.010" .009"1.0144,0121.0111,014" ,0)2" 50 49 49
vg. [.011"i0lE" .012",010%.0L0" [.O08" 013".0141.0184.,0101.013" 011"
h-NT L.ooswloos™.0044.010".010"M.001" oozt || .o1ov.0101.0111.011.002" LoO2" 49 49 48
5 g-Ng .085:.006" .oos*,co7"[.001" |.002" .009". 008" .0071.0081.,001" (002" 47 48 49
~-NJ |.004" LOO3" 005", 004", 002" |.002" .010m.006'.005" .004".001" 002" 47 45 44
Avg. [.006T 006" .OOB".OO?"E@bl" 002" |.010".008".008".008".001" Qozn
1-a |.o11"jo11" .o10".011".oos" [.007" | .009".010%.0114.0114.005" 005" || 49 | 49 | 48
6 -5 [.008" 009" .ooe"|.01o"|,006" |.005" |.007".011".010'.011".008" L006" 44 | 45 | 48
5-5  |.007" 006" ‘0o7".007"].005" |.006" | .006".007".008%.0081,005" 1007" | 47 | 45 | 44
' vg. 1.009" [009" ~0087.009%].006" _[.006" | .007,009.010".010%.008" 006"
N-N o17" lo1e™. 004", 010,011l 002" |.0O3" .017".014™,011".011".003" (003" 49 49 48
. L 3] 00g"Lo07" oo8", 008", 003" |.003" J010".0089,008M.008".005" L003™ 47 47 45
' B3-5 004" L005B" .006",004"L0O03"  1.003" .006".004".007“.005":004“ .005" 47 45 44
Avg. .OIOf ooe" L0087 ,007".003" |.003" .011".009%.009".0087.004" 003"
N-4 LOO9TLOLOM.003".008".006".004" L003" | .007".007".007'].007Y.008" ooz" 47 48 51
g E-SB .O08" L 008" L006".,006". 004" |.002" .006".005",006".006™.002" (002" 47 47 45
-5 LO06" L005™ Loo7ml, 006" 004" _|.003" .008".006".008".007".004" Qo3n 47 46 46
hve. [OO7™,008" .007".006"L 004" |.003" 007", 006M.007.007".003" 008"
n-T .008".007".004".010".009".002" 004" .010".010".010".010".002" 004" 47 48 81
9 2.7  LOO&" 006" .oo09"|.008"L0O01" (.002" L0084,005%,006".006".003" Looar 49 46 47
E-T LOOS™ 004" 008", 005" 002" 004" o007".006".008".006".004" 004" 4% 46 48
hve. [OOs" LOOG" .009"],. 007" ].00S" L003" .008“.007".008".007'.003" 003"
1-C | L010"L.010" .005" 010" .010" Qo3 47 48 51
10 P.C LO0B"™ | 004" Loos",008"L0o02"  [.O0R" .006".004".008".008".802“ oogf 43 48 22
5-C Loo6"™ 004" oo8".ooe"Loos” [.005" .007",006".009".008". 04" 3005’ 4 46
vg. pOCB" 004" .00B",008"003" .004" .006".005".009".009“.003" 003"
1 -NE LOO7" 007".003“.009".008".001" 001" .OlO".009".008".008".001“ Qozn 47 48 51
11 >_NE 003" 003" 004", 003"Looo™  [.00L" .004".003".004“.005“.001" oo 49 48 49
3.ME 003", 003" 004", 003", 001" LO0L" .004".004".004".004“.001" ool 49 48 49
v 004" [004" L006" L, 005" 001" LO01Y .006".0C5".005".005".001" 001"
Wvg., R00 0
B-3C LOO3" 003".002%.003" [« 003" 003", 003",006M.,003" 47 46 44
5-3C L003" 005".005".005".002“ . 003", 003".003".003" 47 46 44
¢ 4-5C LOO3" 003", 003003 008" .003".003".003’.002" 47 46 44
7 B =7C .003“,005".002".003".003“ 003", 003".002".002" 47 46 44
1-7C LOO3" 003".005".063".003" LO03M, 0038, 003, 003" 47 48 44
£9,690 POUNDS LOAD ON DUAL REAR AX1E
- " " . nl 004" 004" 008" .007'.005".004'.004".005" LO03™ 47 46 <4
L~ 11-2-?: :883" .882" 00870047k osm |- ~007.007". - 005" 47 | 46 | 44
r
R —
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TABLE 2 X-Mer-4-A
. . July, 1939
DEFLECTION OF PAVEAENT UNDER REAR WH Z13--14 ,840# REAR AXIE LOAD
Avg. Speed %0 Mi/Hr. Avg. Speed 15 Mi/Hr, Temp. °F
Alaximum Heximum Cen-~|Bot-
Max. Deflection Differential Max. Deflection Differential |[Top [ter |tom
Joint
No. A B ¢ D B AB DE A B I E AR L
1-1 | 032" | 031" | .008" |.021" | .028" | ,007" |.010" §.031" |.C30" | .0247 | 020" 005" 011" ||1oo |109 | 1128
g-g .052: .028: 054" | .03l | Lo05" |.o07" f.038" | .033" [ .036" | .032" | .OO7" | .007" 93 95 3
1 - ,034 031 029" | .0zar 1 .0110 | _ogav | 057 (_o3gw | .ozor | azot |0zt | ooat || 92 o7 a7
Avg.| 033" | 030" 0zt | ozon | ,oo8" |.o08" {.0u55" {.033" | .030" |.03C" |, .008" |.O09"
1-4 | .038" | .040" | .0c8" |.oman | .03e" { .0le" |.015% §.043" |.046" | .0B6" | .087" { .022" [.,013" (100 [10% 112
2-§ 046" | 037 L0300 | 033e | Loz | 015" || 046" | L0417 L0190 89 93 93
s 3=5 | 041" | 043" 036" | o5z | .014" | .008" |[.o41" |.042" | .040" |.03%7" | .0l2" |.Qla" a1 97 a7
Avg.| 042" | 040" 036" | .o34m | .o1an |,o13" | .043* |.043" |.038" |.037" | .0l8" [.0l2"
1-1 .035: .0?2: o008t |.0z4m |.032" | .oca® |.o10" f.oze" |.034™ |.036" |.,035" | .005" [.0l2" 98 |107 |110
2-5 | .030 L0328 Jo29n | ,029v | .orar |.009" §.032% |.034" |.039" |.030" | .013" [.009" a6 al 92
3 3-8 | 046" | .041" 036" |03 | o1 |L013" | .046" |.045" |.040" | ,040" | .013" (.011" 90 96 98
Avg.| 038" | .035" 033" |,032" |.o12" {.o1l |.038" |.o037" (.038" [.035" |.0lo" |.O1L
1-X | .oz9" |.048" |.0l0" [.032" [,03B" |.046™ 1.036" 036" {.045" [ .031" [.039™ | L0487 }L.037" g% 1103 |107 J
2-5 | .044" | .057" 045" |,054" | 058" ].060" |.050" |.065" 050 | o577 | 082" |.051 84 20 g2
3-8 | .064" |.042" 048" |,051" | .050" |.051" ||.048" |.037" |.048" L053" | .037" | .083" o0 96 98
4 3=5 | L046" | .058" .o3g" | .046" | .058" | L040" 025" .054" | ,041" |.047" | .048" 047 87 92 94
Avg.| 046" | .0B1" _04aom | .047" | .052" | .046" 045" 1.080" | 042" | .049" | L047" 047"
1-NJ| 028" | ,020" |.007" |.0Ll7" |.017" | .QO2" 000" ozzr | .022" | .ol7?T | .017v | 000" |.OOO™ 96 (100 (104
2=-HJ| ,016" oean 012" |.0lar | .004M .opae f1.015" |.018" 003" 82 Q0 292
S-NT 0lgt [.018" |.011r |.024" | .OBQ" |[.L03" 88 9z 94
5 | z-ny| .0186" | 016" .o1or |.011 | .ooon [.oo1r §.o1ee |.018" | .olo® |.01l2" | .o01" (.002* |[ 88 | 94 | 94
Avg.| .01 7" L0197 . L01L3" | ,014" 002" | .00L" plo" |.019" |.013" 1.014" 001" j.oCcl*
1-A] 041" L46" LO033" | 035" oest | L016m 1 L0456 | L047" | LO35" o37n .023™ | 016" 91 96 a9
2-5 | 046" | 047" L038" | .044m | 013" | .014" | .O0B2" .054" | 042" | 047" | 014" | Q13" 80 (=11 93
& 3-5| .048" { 048" L0451 | 044" | 019" | <BLDT 052" | 04" | .0a6" | LO48™ ] .O019% | .01l8" 88 93 94
Avg ] 045" | 045" 058" L,041" | Loxe" | 015" § .0DO" o500 | ,041" | ,044" | .019" | .016"
1-N | .0ze" | 027" | ,0l2" | .085" 026" .OOSJv o005 || ozar | .ozer [ 038" ] 030" ] 006" .008" as 93 96
2-5 | 032" ] 033" .ogs" | ,omo" | .co6" | L0O4" || JOBR" 031 | Jo30" | L032"| .co1m | 003" || 102 1c6 | 111
7 z-5 | 048" | 039" L0par | Lo37e | 003 | L004" || .OBOY 046" | L0377 | 039" | 006" [ .002" B8 91 92
Avgd 033" Q33" 029" | L031" ] 005" | .004" | .040" Lo39" | ,o3an | ,0B34" | 004" | 003"
1-4| 027" | 028" 005" | Lo30" | L031" | .00B" 003" || L0355 | 036" [ 032" .032"{ .005" | 008" 86 ’91 94
v-5 | 027" | .028" Lozen | 028 | 004" oosn | Los2r | 034" | LORO o27t| 005" | 005" (| 10C | 104 | 108
8 3-8 | 046" | 043" 033" ox1" | 009" | LO0OB™ { 043" | 043" 085" | 033" | 006" | LO03" 86 90 91
Avgd .033" | 033" .030m | ,o29" | 008" | LOD! .03%" | .o38" | 032" | LOBL" L,005" | 003"
= 083" | 034" | L007" | LO33Y L03%" | .o04m | 001" (| .O43" 046" | ,036" | .036" ] .0C4" +002" 82 85 88
é—g .853“ 034" 034" | 035" | L003™ | L004" L636™ | 035" | 058" | L0377 L001" | 0047 99 | 103 | 106
-] 3-T | 036" | 036" o377 | .o%8" | .co2" | .OOB" ~osen | o417 | Lomev | L040™ ] .CO3" o1 a8 12 8 93
Avgd 035" 035" ,035" | ,055" | 003" LO03" || Lol | L0417 0377 | Jo3s8" | L0022t | 002"
- . . vl .024Y L003" L0297 | L027" L0030 1100 | 105 | 108
%-g 028" Q26" 005 .ggg" .826" Loes" | L0055 | L0333 o051 | o032t | L0277 ) L006" 007" o8 | 102 | 103
10 3-C :030" :030" Loesr | 028" ] 004" Lo06" || 024" | LORE™ ozar | o31* | 003" | 006" 88 aC 91
Avel 089" | 038" 087" | 026" | 004" .o05" || Jo28™ | 028" .030" | .028" ) .004" | .0QOB"
¥ u (L I L oA eoR" | 002" || 088" .o2a" | 024" | 024 | 002" .001" 98 | 103 | 108
%: 822:' '8?":%" -007 .8?2" .(O)li" ‘oooe | ool || .osim | Loz4n | LOXSM | 014" .003" 1 003" 97 | 101 | 101
11| 3-28] .oze" | -oz7v “oron | Jomin | sooin | soo1m || lozar | .o25" [ .025" | .Ozar | ,001" | 001" § 86 PO} L
Avgd .025" | 025" ore" | .o1e" | Loo2" | L001" | .024" | .024" | LQZ1Y | .021% ] .OOET .01
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TABLE § X-Mer-4-A
July, 1939
[EFLEQTION OF DAVEMENT UNDER RDAR WHEELS--14,840/ REAR AXLE LOAD
Avg. Speed 30 Mi/Hr. Avg. Speed 15 Mi/Hr. Temp. °F
Joint Max. Deflection Maxiomm fax. De Maximum Cen-|Bot-
Yo, Differential Max flectlon pifferential |[Top [ter |tom
A B Cc D E AB D A B D T AB DE
6-3C | .015" .o1e"| ,006" | .013" |.0Lg" | .o01" | .O0OL" Lo17" | .c1s® | .013" | .O15™ | .001" (.002" Be | 89 a3
5-5C | +016" 0ig" .01z | .o11v | .ooz* |.ooi" f .O13" 013" | ,013"T | JO18" | 001" |.00L1" 86 93 96
¢ |4-5¢ | 011" 013" L0111 | Lo18m } Lo02" | 001" .o012v |.o15" | .011" | L.OL1" | .003" Rslololl 88 o4 96
7 |a-7¢ | .018" Lo18" Joo7n ] .oLe | ,018" | oO0L™ “oo1t | .025" 1.026" | ,018" 019" | .o01™ |.001" ag Qe 96
1-vg¢ | .013"™ 016" ~olav | Jo15v | Toou f.oo1v f 013" | .OLEM 014 | ,0LB" | .003" |.001" 20 96 Qv
Station Standard expansion Joints--60! intervals--Standard weakened plane--2 dowels--15' intervals
474-500 .02z" | .030" .013" 024" | L0358 016" 79 a5 86
476+10C L0197 ] 021 005" 021 | L033" .cos" || 81 | 87 | &8

Standard expansion Jolnts--60° intervals--Standard weakened plane--ne dowels--15' intervals

480+50C L0l9t [ Q85 008" .024" | 028" Looe" a0 88 a0
481+10C 018" | 024" 007" 081" | 025" .005™ =44 89 91

Stundard expansion joints--1207 jntervals--Stendard weskened plane--no dowels--15" intervals

f-“ 4851000 .080" | .o28" 011" .084" | .028" .o08" 83 90 92
485 +5605 .0ls" 024" 021" | .o24v | 005" | .007" .o20" | .o26" | .023" | .026" { 007" | 008" ve 83 83
486+20C 082" | .025" .004" .084" | 025" .005" 323] 98 a7

3/4" thickened edge exp. joints--9 dowels--210* intervals--Std. weakened plang--no dowels=--15' intervals

489+056GC 024" | 032" 014 L0897 | L0O33" 011" 76 80 B8l
490+10E 020" .023" .ol | ,ozo" | 009" | .008" || LORR" .02 | o1 | .ozo" | .006" | .004" 786 | 80 B8l
491+150C 017" | .018" 001" .019r | 029" 002" 90 | 96 98

3/4" thickened edre exp. Joints—-9 dowels~-300' intervals--5td. vieakened plane--nc dowels--15* intervals

503+50C 018" | LO21" 003" .0g0" § L023" L0037 98 98 | 100
505+00% .015" .0l8" ,013" | .0la" | .00&™ | LO05Y .019" | Jo1em | L013" | 015" ,004" | 005" 94 |100 {101
506500 ,010" | .018" L0028 012" | .0laM Nelshig g5 |10k | 102

3/4" thickened edge oXp, joints--9 dowels--405' intervals--Std. weakened plane--no dowels-~15¢ intervals

512+00E L086" | 087 Neloxly .019" | JOREM L0035 84 | B6 89
513+05C L0187 | 015" 003" ,012® | .015" L003™ | 85 | 88 21
513+96C L0135 | 018" 003" L015™ | 017" .opan 87 90 | 94

3/4" thickened edge €Xp. Jolnts--9 dowels-~510" intervals--otd, wenkened plane--ne dowels--15* intervals

528+60C L0131 | .o0la" Meletly .013" | 018" .005" 88 9z | 96
s . v .08l .ooe" L0147 | 023" 009" a7 9z ae
BR9+3E5C 013 081 R 44 R

530+556 .010" | .014" 004" N .0l2" | 06"

cuffix ¢ indieates weukened plune Joints
Suffix ¥ indicates cxpansion joints

slalySalseal=) RS OTCOT
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Joint Stat; TABLE #
K lc Load
0. e ing 7
Maximum Deflection g
A b Maximim Basa Read 195
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TABIE # 9 X-Mer-4-A
CHANGE IN OPENING ACROSS JOINTS
60! Expansion Joint Intervals

Concrete Placed December 8, 1938
Bage Readings Teken December 9, 1938

Station June 26
No. 1939
8:00 A.M.
480+20 E . =, 230"
35 C 085"
80 C 120"
65 C 000"
80 E - 270"

120' Expansion Joint Intervals
Concrete Placed December 8, 1938
Base Readings Taken December 9, 1938

—~ Station June 26 July &8

No, 1939 1939
8:30 Ad. 5:00 P.M.

484+40 E -.180" -, 380"

55 C .055" 060"

70 C . 065" 065"

85 C 050" 050"

485+00 C . 095" 110"

15 C L060" 085"

30 C 060" 070"

45 C 080" 070"

60 E - 0280“ - -550"
(More)
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TABIE #9 (Con't) X-lor-4=i

210' Expansion Jaint Intervals
Gonerete Placed Detenber 8, 1958
Base Readings Taken Decenber ¢, 1938

Station June &6 July 2%
Mo . 1939 1939
9:00 A.L. 5:30 A.lL.
«90+10 E - .350" ~ 570"
25 C . »0B0" 180"
&0 C L0586" 100"
55 C 055" - .085"
70 C L0856 .085"Y
gh C 060" oBbv
£01+00 C 090" L1156
a 16 C 055" 075"
30 C 1201 150"
45 C 060" 006"
60 C 075" o .113n
75 C 065" .105"
90 C 060" .095"
‘.‘:92+05 c 0055" i 0105"
20 B - 400" -,630"
(diore)
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TABLE # 9 (Con't) X-Mer-4-A

%00' Expansion Joint Intervals
Concrete Placed December 6, 1938
Base Readings Taken December 7, 1938

Station June 26 July 26 July 27
No. 1939 1939 1939
9:30 A.M. 6:00 A.M. 5:00 P.M.
505+00 E -, 380" -, 760" -.880"
16 C .010" .075" ,025"
30 C 045" .080" 055"
45 C . 040" .180" .150"
860 C 045" . 085" 060"
75 C 000" 135" 095"
90 C - L035" 065" . 040"
506+05 C . 045" 075" 045"
20 C .045" .070" .050"
35 C 170" .195" .155"
50 C .035" 045" 040"
o~ 865 C 035" 065" 040"
' 80 C 040" .065" ,045"
95 C 050" .080" .055"
507+10 C . 040" .075" .050"
25 C 060" .0gd" .os0"
40 C ,005" .140" .100"
55 C 045" .095" .o80"
70 C .055" 120" 065"
85 C .Qs&0" 115" .060"
508+00 E -, 15" -.895" -,910"
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TABIE # 1O X-Mer-4-A

e SUBGRADE MOISTURE % DRY WEIGHT
Depth Depth
0__8" 14"___28!!
Station Nov. June Nov. June
o, 1938 1939 1938 1939
474+428,5 Y 14 11
474+50 C 14 14 11 12
475+02.5 Y 13 12
475+10 ¢ 15 14 12 13
480+42.5 Y 15 11
480+50 C 14 14 11 10
481+02.5 Y 15 11
481+10 ¢© 15 14 10 12
484+92.5 Y 13 10
485+00 C 14 12 9 ]
485+52.,5 Y 12 10
485+60 E 13 11 10 11
486420 C 13 12 11 12
488+97.5 Y 11 13
489+05 C 12 12 10 10
490+02.5 Y 10 13
490+10 E 14 12 12 15
491+07.5 Y 12 11
491+15 C 13 12 11 13
- 503+50 C 11 13. 11 12
y _ 506+00 E 11 13 12 11
. 506+42.,5 Y 12 12
: 506+50 C 13 12 12 12
511+90 Y 13 11
512+00 E 12 13 11 16
513+08 C 12 12 9 12
513+95 C 13 ‘ 12 12 13
528460 C 11 13 13 13
529+35 C 14 15 11 13
530+55 C 13 14 14 15
627+52 11 10
628+13 12 9
629 +ud 12 11
629+48 12 11
833+30 Y 10 13
6235+10 Y 7 12
6£2+90 Y 10 15
647+70 Y 8 12
651+0 Y 9 16
657+00 Y 8 14
E~--Expansion Jdoint
¢--tleakened Plane
Y.-Center of Puvement Slab : (Moxe)

P e

1

}

ClibPD W fasiio.coim



http://www.fastio.com/

C\_\ :_)PD

X-lier=4-A

DABIE 10  (Con't.}
... BUBGRADE MOISTURE % OF.DRY WEIGHT
Depth Depth

Oe-B1 147--26"

Station Nov . June Nov. June
No. 1938 1939 1,938 1939
668+70 Y 8 9
668+20 E 13 12 14 18
£68+70 Y 11 14
668+80 E 10 11 13 14
669+30 Y 9 14
669+40 E 10 11 11 15
669+90 Y 10 13
870+00 B 11 10 18 11
&70+50 Y 10 12
670+60 E 11 11 16 14
671+10 Y 11 17
671+20 E 11 11 15 18
671+70 Y 10 17
671+80 B 11 11 20 17
872+30 Y 11 18
672+40 E 12 11 19 20
672+90 Y 9 14
673400 E 11 11 14 14
67%+50 Y 10 11
673+60 E 11 11 13 13
674+10 Y 10 14
674+20 E 10 9 14 13
674+70 Y 10 15
674+80 E 11 11 16 14
675+30 Y 10 17
675+40 E 12 11 10 11
675+90 Y 11 12
676+00 E 12 12 9 13
676+50 Y 1l 14
676+60 B 12 1l 11 13
677+10 Y 9 13
g77+20 B 12 10 10 12
g77+n0 Y 10 17
e77+80 B 12 11 21 19
g7a+30 Y 10 16
ave+40 B 13 12 14 14
676+90 Y 10 17
679400 T 12 12 17 19
679+50 Y 10 13
6790+60 B 11 1 17 ie
680+10 Y 11 17
880+20 E 11 11 18 15
880+70 Y 10 °
680+80 E 11 10 7 12

E--Expansion Joint
¢--Wealened Plune
Y--Center of Pavement Slab

www fastio.com
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¥ pan1E 4O (Con't.) X-Mer-4-A
| SUBGRADE MOISTURE- # OF DRY WEIGHT

4 Depth Depth
OB TEr-C :
Station Nov . June Yov. June
No. 1938 1999 1938 1939
681+a0 Y ) 12
£81+40 E 11 9 13 14
681+50 Y 11 11
681+60 C 10 12
8681+70 Y 9 10
681+60 C 11 10 12 14
681190 Y 9 11
682+00 E 10 10 12 16
682+10 Y 9 90
682+20 11 10 15 15
688+50 Y 9 11
882+40 ¢ 11 16
882450 Y 10 14
682+60 E 12 10 12 11
682+70 Y 10 11
688+80 C 10 11
682+90 Y 10 12
683+00 C 10 12
T~ 683+10 Y 12 14
S 683+20 E 13 12 11 11
‘ 883480 Y 12 15
683+40 C 11 18
88%+50 Y 10 15
683+60 C 11 16
883+70 Y 9 15
683+80 E 12 10 19 16
683+30 Y 10 15
684+00 C 9 12
684+10 Y 10 15
684+20 C 8 13
684+30 Y 10 14
684+40 E 11 10 18 19
684+60 Y 10 1l
gga+60 C 10 13
684+70 Y 10 13
ge4+60 C 10 10 15 11
68490 Y 9 20
685+00 E 14 11 23 11
685+10 Y 9 12
6as+20 C 10 9
ges+ 307 10 8
685+20 © 12 12 9 15
sos+60 ¥ 1l 7
\ 685+60 C 12 13 9 i3
~ 885+70 Y 12

(More}
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b

{ TARIE IO {(Con't.) X-Mer-4-A
.SUBGRADE MOISTURE % QF. DRY .VEIGHT
Depth Depth
0=~B8H B VASETT)
Station Wov. oune Tov . June
No. 1938 1939 1938 1939
685+50 C 11 11 7 12
~g8G+90 Y 12 9
686+00 C 13 14
686+10 Y 12 13
686+20 & 12 1l 16 14
686+30 Y 10 12
B86+40 C 11 12
686+50 Y 11 13
686+60 C 10 15
686+70 Y 10 13
686+80 E 11 11 15 13
686+90 Y 13 14
687+00 C 13 17
687+10 Y 12 16
687+20 C 12 15
, 687+30 Y 10 14
~ 687+40 E 11 10 13 14
’ 687+50 Y 12 13
| 687+60 C 10 13
Averege 12% 11% 13% 13%

E.-Expansion Joint
¢--Weakened Plane
Y--Center of Pavement Slab

ClibPD)! VANTAVYAN R=Y=Sd Na Wi ak=N= !



http://www.fastio.com/

ClibPD

X-ller~-4-A

syl |

S0I1, TESYS O SUTGRuDR

Constructed of Selected Imported borrow 0-1' Depth

Sanples talen from test and observational sections
after subgrade wag constructed

'Station‘(‘Grddiqg‘iﬁhlysis TIigiid Flasticity Bearing® owell
No, _% Clay % Silt % Sand Linit  Index  Value Jo %

635+00 10 26 B4 79

n,8
638+00 13 27 60 ‘ 53 0.1
BL2+00 9 23 68 56 0.2
645+00 15 27 58 42 1.6
649400 14 25 61 50 1,2
654700 17 29 54 70 0.6
L68+20 14 29 57 20 6 60 1.0
BY 2440 1 26 61 21 7 19 2.6
670+00 15 28  B7 21 7 B3 2.2
Ave. 13 27 - o0 21 7 49 1.1

i . v AT T S Ya— - - - - - e " e s T e - " ——————

* Bearing value at 0.1" penetration for
the conpacted and sosked spe cinens .

www fastiocomm—mo————— ———
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A-Mer-4-A

h
TABLL A%
S0T1 TLSTS O SULSOIL
1 to 2 or % feet below betton of pavenent
Station G?LEE}&T?EE&EEGEF‘”TEIK?&TiﬁE&ﬁﬁIﬁE&’Tﬁﬂﬁﬁﬁﬂfrﬁﬁﬁiﬂf
_No. % Ciwy % $:1t % Send Limit  Index Valus b
613+15 - - _— 4 5.3
$24+00 22 34 44 4 Beb
625+00 — - - 3 5,6
686+50 37 4v 16 2 7.0
635+50 48 30 24 2 7.2
648+50 32 oY 31 4 5,7
650+00 - - -— 5 5,3
668+80 17 38 51 22 7 8 4,8
» 670+00 22 3% 45 24 7 6 6.8
- 672+40 22 38 40 2% 8 7 7.1
673+00 20 35 45 8% 8 9 5.0
B73+60 23 37 40 28 7 8 5,2
674480 2y 36 42 24 8 5 6.7
675+00 - — - - - 4 6.1
676+00 26 43 A1 25 10 v 4.8
Ave. 26 &7 37 23 8 5 5.9
i e Sbed T — e i g ey S M7 S S S AL -

% Bearing value at 0,1" penetyation for
the counpacted and soaked speciren.

ClibPDFE - wyvwy fastio.com
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L-Mer-4-A

.

L
! ‘ TABLE!--.-L?——»-
' DRLATIVE COIFPACTION OF SUBGHADE MATDRIALS
Jonsisting of Sclected Imporyed Borrow 0-1' Depth
A A M S g A Ty T - "I)'-‘r"‘:)r“"‘rt"."' "'IJ"'G"}‘?— v i e — T s M I U | g W S o e S = t—-’-———-ruw
Station Ju, Tt. % lloist. helative *
No. _. 5 Ei%%i_w_-,«m,JQLéﬂéﬁﬁt_wﬂ-,_*EE&Eﬁgﬁiﬁﬁw
628+00 128,11 11 139
630+G0 128,28 13 100
632+00 11¢.6 1l 94
634+00 . le8,6 11 96
p3u+00 119 4 12 94
638+(0 111.9 11 . 88
pa0+{0 119 .4 13 94
6LRTUG 115.%7 13 21
644+Q0 108.6 13 gg
646+00 124.0 1l %
B4ABT+CU 187 .4 12 4
650+C0 124.4 10 a8
e 5 3 105
652+00 134.6 11
654+00 133.5 11 105
6H6+00 126.7 10 99
658+ 121.2 11 | 9%
660100 187 .,3 10 lOQ
662+00 122.1 10 96
664+00 121.5 19 a5
666+00 127 .1 13 100
667 +60 125 .8 12 or
HOBvYEU 123.6 11 av
668+80 186.6 10 99
669+40 125,53 9 08
670+00Q 130,3 11 ‘ 1o§
670+60 123.1 10 o
g71+20 124 ,4 10 92
671+80 131.9 9 103
(1:owe)
L~
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) weler-o-A
TABIE_}J3 (Con't,)

-~ T T NEARE *ﬁhNRFPﬁTW”'"mw”""*” T
3 Station Cu, I't, % lloist. Rolative *
—— P.‘E) \. "Y\"f""""‘ e -I1 "’ ?‘l& c“?h’"."‘?‘?',’ ———r ‘,""“‘;:rr‘l""""l),],u-c"ﬁ- ahot & actiat e d C“-O'E%pmgﬂ-g‘rt}q-oﬂgwr-

b78+40 134,47 ‘ 11 105
87&+00 125,53 11 98
673+60 126.) 10 99
B674+20 180.3 11 108
67 4+80 185.,0 10 a8
B75+4) 128.1 11 96
E76+00 123 .7 12 or
676+60 123.0 11 6
677+20 127,82 11 100
877 +80 128.6 11 101
B678+40 126.1 1% 99
679+00 124.8 10 98
G799+ LY 1233.6 10 108
680+aU 1267 12 99
680+8Q i23.b il on
681+40 117.8 9 a2
688+00 121.9 g 98
b8E+0L0 121.6 10 98

: 68%+20 18%.9 15 an

- BEBHL0 129.0 11 101
L84&+40 1z28.32. i0 100
o85+00 118.8 10 93
H85+60 123.9 9 a7
086+20 126.3 11 171
B86+L.0 130,1 11 102
887 +40 189.6 10 102
Avy, 124.9 11 28

* Relwbive compaction determined in
accordance with California compaction
method, using an average dry weight per
cubic foot compacted of 1287.51bks, The
samples tested showed a compacted weight
(iry) ranging between 126 and 129 1bs.
rex suble foot,
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- X-lep-ra-4
TABLE_\& .
RULATIV.L COIPACYION OF SUBSOIL IATLRIALS
l'to 2 feet below bottom of pavement
o BTy Ve, Por P - e
Station Cu. Ft. % lioist. Relative **
No, . In Place In Plage ____ Compaction
" 628+00 113.,4 11 1324
630+00 109,9 18 g
B3E+Q0 112,28 11 03
634+0G 118.2 R 97
636+00 105.2 14 B8
638+C0 112.4 12 93
840+00 108.5 11 89
642+Cu 1l2.9 15 0%
¥
; 644+00 135.6 14 108
. - 646+00 114.0 12 95*
- 648+50 122,5 13 9
~ 650+00 110.6 1l 21
158+ - 1o7.0 12 a8
ggi+88 107.8 14 89
656+00 109 .4 .9 90
658+.0 109 .4 1R 20
660+0C 110.5 11 9L
662+00 119.2 11 95*
BG4+00 107.7 13 a9
LbH+00 116,% 12 96
' o
667 +60 L8343 13 98
668+20 1140 . 12 o4
668+80 112,8 - 12 9
B669+40 117.6 . 13 97
' : ' 96%*
6vUm+00 +20.5 13 x
H 5
671+2 . ‘
6% 1+e0 11145 : 17 92
678+40 11641 - 11 26
37 3+00 111,2 ' 14 o2
B73+50 116 ,4 11 96
B874+80 119.4 14 95
b g~ .
(More)
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TABEE!‘+I (Con't.)

Dry Wi, Pwr e e e - 2

WMoy .o dn Place o kn Place . Coupnotion
p74+80 123.2 15 98%*
675+4) 126 .4 13 101*
876+00 124 ,6 10 Tl
676+40 117.6 9 07
677+4Q 121 .4 12 9 7%
67760 113.1 13 U5
678+40 122.9 14 $E%*
679+CO 110,9 12 0l
679+00 123.4 18 B*
682+E0 120.4 14 DX
W8I0 126,28 13 100
681+40 16,1 9 88
688+00 110 .4 12 9],
£682+60 107 46 13 a9
683+20 108.1 12 89
68380 112.1 9 93
B84+4¢0 111.3 10 98
685+00 114.6 10 08
685+60 121.9 13 9¥*
LB6+20 126,.8 12 101*
686160 118.7 10 13
0B7+40 110.0 12 91
A—vi‘: * llb ld : 9\&;

rad et o ———— ——— L il AR AT ——

**  Ralabivs compaction determined in accopdance with
california Standard Field Compaction liethod, fxcept ag
noted below, an average dry weight per cuble foot ccnpascted
of 121,5 lbs. was used in computing the relative compaction,

The ganples of this class of material showed a welight {dry)
renging between 118 and 183 lbs. per cubie foot,

* These sapples contained gomewhat nore sand than the
sauples referred to above (*¥)., The material showed a
dry weight per cubic foot oconpacted, ranging between 123
and 127 1bs, and averaging 185,56 1lbs. pey ocublc foot,
whioh was uded in couputing the relative corpachion of
these gamples.

ClifumlDbem—iriaiy—Fa S TrOTCOTN


http://www.fastio.com/

	E:\images\000001\00000152.tif
	image 1 of 64
	image 2 of 64
	image 3 of 64
	image 4 of 64
	image 5 of 64
	image 6 of 64
	image 7 of 64
	image 8 of 64
	image 9 of 64
	image 10 of 64
	image 11 of 64
	image 12 of 64
	image 13 of 64
	image 14 of 64
	image 15 of 64
	image 16 of 64
	image 17 of 64
	image 18 of 64
	image 19 of 64
	image 20 of 64
	image 21 of 64
	image 22 of 64
	image 23 of 64
	image 24 of 64
	image 25 of 64
	image 26 of 64
	image 27 of 64
	image 28 of 64
	image 29 of 64
	image 30 of 64
	image 31 of 64
	image 32 of 64
	image 33 of 64
	image 34 of 64
	image 35 of 64
	image 36 of 64
	image 37 of 64
	image 38 of 64
	image 39 of 64
	image 40 of 64
	image 41 of 64
	image 42 of 64
	image 43 of 64
	image 44 of 64
	image 45 of 64
	image 46 of 64
	image 47 of 64
	image 48 of 64
	image 49 of 64
	image 50 of 64
	image 51 of 64
	image 52 of 64
	image 53 of 64
	image 54 of 64
	image 55 of 64
	image 56 of 64
	image 57 of 64
	image 58 of 64
	image 59 of 64
	image 60 of 64
	image 61 of 64
	image 62 of 64
	image 63 of 64
	image 64 of 64


